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SUMMARY  OF  RESEARCH  PROGRESS 

During  the  contract  period,  we  made  much  progress  in  the  study  of  Bloch  electron  dynamics  and  quantum  transport  in 
solids.  A  brief  description  of  each  result  is  given  below.  More  details  can  be  found  in  our  publications  whose  list  is  provided 
at  the  end  of  this  section.  Specifically,  we  have: 

1)  Derived  a  novel  multi-band  theory  of  Bloch  electron  dynamics  in  homogeneous  electric  fields  of  arbitrary  strength. 
Generalized  Zener  tunneling  time  is  obtained  as  a  function  of  applied  electric  field  and  three-dimensional  band  parameters. 
The  electric  field-enhanced  broadening  of  the  excited  state  probability  amplitudes  and  lattice  space  delocalization  are 
investigated. 

2)  Analyzed  the  single-band  and  the  multi-band  proceses  for  a  Bloch  electron  in  the  presence  of  a  superimposed  uniform  and 
oscillating  electric  field.  Resonant  displacements  of  the  Bloch  electron  and  DC  currents  are  observed  including  all  possible 
transitions  such  as  Zener  tunneling,  photon  assisted  tunneling,  multiphoton  emission/absorption,  and  transitions  between 
Wannier  Stark  ladders. 

3)  Evaluated  the  transmission  coefficient  of  a  Bloch  electron  through  impurity  barriers  in  the  one-dimensional  nearest- 
neighbor  tight-binding  approximation.  The  electric  field  dependent  Green's  function  was  derived,  and  the  Stark  energy 
spectra  under  the  influence  of  the  impurities  were  calculated. 

4)  Developed  a  novel  method  of  solving  the  multi-band  quantum  transport  equation  for  a  Bloch  electron  in  spatially 
homogeneous  electric  field  of  arbitrary  time  dependence.  The  Wigner-Weisskopf  approximation  and  the  novel  approximation 
lead  to  the  analytical  solutions  which  preserve  the  total  probability. 

5)  Investigated  the  transmission  of  a  Bloch  electron  through  quantum  barriers  in  spatially  homogeneous,  time-dependent 
electric  field.  The  instantaneous  basis  were  used  in  deriving  the  time  and  the  electric  field  dependent  transmission 
coefficients.  The  evolution  of  the  wave  packets  through  the  tunneling  structures  in  electric  field  were  also  examined. 
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